Abstract
Introduction

26
Soil fertility is the basic idea of agriculture(Parikh, S. J. & James, B. R., 2012). There is a 27 positive correlation between fertilizer use efficiency and soil fertility, and the fertility limits 28 the maximum crop yield (Sánchez, 2010; Vanlauwe et al., 2010; Musinguzi et al., 2013;  29 Kurwakumire et al., 2014) . There are many indicators of soil fertility (Andrews & Carroll, 30 2001). Nitrogen (N) and Carbon (C) are popular indicators among then (Fox et al., 1989; 31 Tiessen, Cuevas & Chacon, 1994; Breschini & Hartz, 2002) ; however, they are not soil 32 fertility itself. For example, the soil inorganic N is mostly used in temperate or cool areas, and 33 soil total C is mostly used in tropical areas. The level of soil inorganic N is rich enough to 34 distinguish the difference, but total C is too rich in the temperate or cool area. In contrast, 35 inorganic N is too poor but total C is poor enough to distinguish the difference in the tropical 36 area (Tiessen, Cuevas & Chacon, 1994) . These are two aspects of the one entity if they are the 37 indicators of fertility.
38
Once, a soil scientist defined soil fertility as follows: "The ability of soil for providing 39 water and nutrition which is required as crop growth (Okajima, 1976) ." In this context, fertile 40 soil provides water and nutrition. Certainly, we imagine the thick aggregate when we hear the 41 word "fertile soil". In addition to the aggregate, however, those fertile soils are also fertile in 42 microorganisms (Jastrow, Miller & Lussenhop, 1998; Barto et al., 2010) . Recent studies 43 revealed a four thousand million-year co-evolution between plants and fungi (Redecker, 44 Kodner & Graham, 2000; Humphreys et al., 2010) . This finding raises an idea that Soil 45 microbial biomass (SMB) might be the entity of fertility. Plant biomass and SMB form a 46 system. SMB forms the aggregate and improves water-holding capacity. SMB mobilizes the 47 nutrition in soil. This supply of water and nutrition is required for crop growth. However, the 48 correlation between SMB and crop yield has been found in some studies (McGILL et al., 49 1986; Insam, Mitchell & Dormaar, 1991; Srivastava & Lal, 1994; He et al., 1997) (Brendecke, Axelson & Pepper, 1993; Entry, Mitchell & Backman, 1996; Holt & 51 Mayer, 1998).
52
These contradictions are reasonable because each crop yield reflects not only soil fertility 53 but also many other factors such as weather conditions, cultivation conditions, and so on.
54
Therefore, soil fertility must be evaluated as the average productivity across a wide spectrum 55 of conditions (Entry, Mitchell & Backman, 1996) . From another point of view, those studies 56 were conducted from the viewpoint of N stock balance (Fox et al., 1989; Breschini & Hartz, 57 2002; Geisseler et al., 2010) . Therefore, researchers analyzed the correlation between soil 58 properties before planting and plant yields. From the viewpoint of co-evolution, plant biomass 59 is a part of both the plant and soil microorganism system; therefore, increasing SMB will 60 balance by increasing plant biomass. Hence, the correlation between soil properties at harvest 61 time and the crop yields should be analyzed. We examined these points in this study and 62 clarified whether SMB is the entity of fertility or not.
64
Materials & Methods
65
We chose leafy vegetables for evaluating productivity because (unlike serial crops) their 66 growth directly reflects soil fertility. In addition, leafy vegetables are harvested in the middle 67 of their life stage. We produced SMB gradients from an equal amount of organic matter 68 application under different management and climate conditions. Correlation between soil 69 properties at harvest time and yields was analyzed. 
Plot Design
78
To generate a local gradient in SMB, 18 plots were established at the field site and treated 79 with 18 treatments (Table 1) . The study was consistent with an L 18 orthogonal array (Taguchi, 80 1986), though our aim was to generate a local gradient in soil properties and yield to enable a 81 correlation analysis to determine relationships between SMB N and yield. Our aim was not to 82 test the effects of treatments on soil properties and yield. The L 18 orthogonal array is a 83 popular and robust experimental design that can be used under a wide range of conditions.
84
Only the main effects seen in the experiments were presented, and these were considered 85 more robust results than the interactions. 
Results
126
The soil properties at harvest time are shown in ten times increase in SMB.
130
The top line of Figure 1 shows correlation between soil properties and yields for raw data．
131
No strong correlations were identified between yield and soil properties. We expected this Table 3 ).
137
They were higher than those of the inorganic N, total N, or total C contents. The exception 138 was inorganic N in the rainy season (0.801**); however, this was caused by the difference in 139 the inorganic N contents in season 1 (11.4-14.2 µg g −1 ) and season 2 (7.7-9.6 µg g −1 ). The 140 relatively high inorganic N value in season 1 is considered to be a trace of nitrogen flush.
141
However, the soil inorganic N, ranging 11.4-14.2, 7.7-9.6, 7.1-9.8, and 6.3-7.7 µg g −1 in 142 season 1 to season 4, respectively, was lower than the lower limit NO 3 -N contents of 143 conventional cultivation conditions (20 µg g −1 ) (Fox et al., 1989; Breschini & Hartz, 2002) . was approximately in the middle of the range of all the cropped treatments (Table 2 ). This 170 means that a breakthrough in yield limit will be possible by increasing soil fertility. There is 171 the case study of this kind of new agriculture (Oda et al., 2014 We sincerely thank S. Thippayarugs for performing the SMB N analyses. 
